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A ROTORTI_t:HNOI,OGYAflS_tlSblI_,NTOF TIIE ADVANCINGBI,AD_ CONCEPT

Wt,ll.iam A'. Pl.oamnlta

U.S. Army App,l.i,:d T,,cllnology I,almratory (AVRADCOM), hmou Research Center

_IMHARY

' A rotor technology assessment of the Adwmcin_ Blade Concept (ABC) was conducted
in support of a preliminary design study. ThO analytical methodology modiflcatlons
and inputs, tim correlation, and the results of tlleassessment are docunmntad. The
primary emphas£s was on the hlgh-speed forward flight perforn_aneoof the rotor. The
correlat:[ondata base Included both the wind tunnel and the flight test results. An
advauced ABC rotor design was examined; tlm suitabil£ty of tlm ABC for a partlcular
mission was sot cons.i.dered. Tim objective of this technology assessment was to pro-
vide estimates of tim perfor_mnce potential, of an advanced ABC rotor designed for
high speed forward flt_ht.

,%

INTRODUCTION

A rotor technology assessment of the Advancing Blade Concept (ABC) was conducted
In support of the Advanced Jol.nt. Vertical Aircraft (JVX) prelimlnary design effort,
This rt:pol:t documents the analytlcal methodology modifications attd input, the corre-
lation, and the results of this technology assessment. The primary emphasis in this
effort was the performance of the rotor in the high-speed forward flight region. The
mmlyttcal methodology of references 1 and 2 was used for forward flight performance
predictions. A limited hover analysis was made using the methodology of reference 3.
'rhc correlation data base [ucludcd both tlle wind tunnel and the flight test data.
rh,_ advanced ABC rotor des tpn was based on previous work by Sikorsky Aircraft, and
it was assumed that structural problems which limited the ABC Technology Demonstrator
would not impact tlleperformance of the advanced design. The objective of this tcch- i

noiogy asst_ssmt,nt [,s to provide an estlmate of tlleperformance potential of all !: adwme_:d AIW.rot:ordeslgncd for tllehlgh-speed fright using the best analysls method
available. The suitability of the ABC for tlle JVX or other missions, and/or optimum _
ow:rall system configuration for a given mission is outside tllescope of this study, c,

The ABC teclmo[og,vdemonstrator aircraft (refs. 4 mid 5) has demonstrated a
' slguiflcaut number of both accomplishments a,td shortcomings. It has pr,:,venthe,basic
.... coltceptof devt,|opinp, lift primaril,y on tileadv,mclng blades of a rotor system to
_ improve the rot:orsystt,m _.l.ftpotential, 'rlteability of the ABI:rotor to maintain

: "' air s|_t,t,d at,altitude w_tsa,lso demonstrated. The ,tnahl.lltyto slow the ABI:dt_mon-
i( st:raterrotor dtlt_ to trim and rotor hub stress problems prt:vonted:Itfrom meetlng it's

__ furl spt,ed pt,tentlal. I,[mtted level t'lI.ght performance dat:a for the demons|tilt:or
art' awtllab,lt, In rett, rutl_,t, 4 tip to _t spt_cd of about 230 knots, although tlwsL, data

wt'rt'tlot at tht_ des[rt:d Itdvatwe r_it[o (I*) _ind advancing tip biatql ilumbvr (HT). Tilt,
wtitd-tt|nut,| test oil rt,l"t,rt,llct_h provltles _qomt_tllltllat the high advance ratio eoudl-

t lent0, but ha.', tlp Hach nllUlbt, rti sit, nlflt'antly l owt.r than WOtlld be el|countered :Ill
" t'|igllt. 'rht.l:el'ort.. for an adwtnct_d rotor, it was necessary to ca|culatc tilt, effect

of dli[t, reut operat IIIg coudltions (ti .'|lid HT), _lU well as tlte L,fft, t'ts of plallform.

I
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." twlat, taper, arid a.trfoila. The basle approaah taken was to correlate itth the
aXlHt£ng t"l:taht and wind tutmal, teat data and then to predict the parfornmncL_ of a
gl,venadvmlcod dtmlgn, Slf_nlfleantllmitatlona w¢_roencountered with al,l of tht_

_/j oxlnt:$ngdat:awhich rodue_d con_Idonc_ in botlltl1_experimental,and tlloana.l.ytieali romd.tH. Tile performance :I.nc_omonca wnro cnl, cu:l._lttu[ for th_ primary donSgn variables
(operati.n_ conditions, tw'[at, alrfoil_, etc.).

_: Analytical Hethodol.ogy
o

The cemprehons:tw: Imlicopter analysis of rt_feronec 2 was modift, od to t,roat the
":"" ABC rotor. In the modified code, the ABG replaces the tandem rotor configuration.

The program modifications work not extensive and were required for only three sttb-
':: routines which are given in appomdix A. 'the ABE control laws given in references 4'

and 5 may be represcuted in tim analysis by redefinition of input quantities as shown
in Appendix B, The modified atlalysis is restricted in trim options to the froQ-
flight trim cases (see ref. 2, volume 2, page 37). Tim major advantage of the analy-

.,:.. sis is its ability to model tlm coaxial rotor realistically and thus allow cosputa-
*'*i tion of tlm rotor-rotor Interference, Previous analysis of tlm ABC rotor was

based on a single rotor analysis which represented the ABC rotor as a single rotor

_._, with all blades in one plane and trinuaedwith a llft:offset, 'thepresent analysis is
eapabl_ of representing two rotors in close proximity with full wake interaction,

_' The rotor-rotor interference caused significant shifts in the rotor angle of attack

:_. as shown in figure I, Calculated rotor llft-to-drag ratio (L/De) for the uniform
--.i:. inflow portion of tlm analysis was significantly more optimistic than the nonuniform

inflow results. Comparison for the advanced design of nonuniform and uniform inflow
ii:::' re._ults with the results of references 7 and 8 are shown later in this paper.

,/

i_ CORRELATION

-=:::i, Rotor Configuration

_L::. Three ABt',rotor configurations wore considered in making the ABC technology pro-
=: Jections, (Tim ABC flight test is described in refs, 4 and 5, The earlier ABC wind

tunnel test data are preseuted in ref, 6.) Due to the limited time availabl_, tbe

__.'(7.,:. IIMX rotor design of references 7 and 8 was selected as th_ basic configuration for lILt:_, au advanced AIR: design. 'the design goals and the operating conditions for the JYX
.:=. rotor were nearly identical to the HHX rotor, and significant changes in the perfof

.v: manes trends duo to mater rotor design variables (twist, taper, airfoils) were not , i

expected, The chord, the thicknesses, and the twist distributions of tim three
_/:_.. rotors used tu making the technology projections are shown in figure 2 with addi- ,
.... tional characteristics given in table l, The airfoil data used in analysis of the

• !_. rotors were proprietary to Sikorsky Aircraft, but are described in general, terms in
• rot'erence 7. With the exception of the airfoil data. the input required by tim ]

_J::,:, conq_uter anal y,_[s is fully provided by. tile block data routlnea lt,_ted tn Appendix C. ,_

.': ABC Fltgllt 'roar !

" , The correlation efforts with the ABC demonstrator aircraft reflect the ltmlta- I
_*' t[ou,_ of the ctlrrelltly available data. No dedicated performance testing was COil- !
_'' dttcted I'of the ABt: demottstrator in the nuxillary i_ropl|lsion mode The high-speed

': i_t, rlorttlant'e _ltld the trim data (,,aof t'lg_. 13b and 147 of rof. 4) exhibit tatgntftt'ant

,) i
ORIGIN_tL Pitt_aiS
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",. ' sc_t_r duo to th_ varlaClon in th_ control Crlm posltions (A_, B_, _t, P), the
'J colleeClve position, and the rotor _p_ed, The variations in _Irc_aft actltude and,

?, h_nco fu_elag_ llft and drag, further complleaco eorrolatlo_, The li_Itatlo_s on
.,: _he available alr£oll data and the abillty of the analysls Co _pre.cnt th_ airfoil

,,. dlstributlon as reflected _n table i were addICional causes for concern,

o/: The lift and drag charactoris_ic_ _or the A_C demon,,re=or are available in

•i/;. references 9 and 10. The drag data for the A_C do_ons_rator and the related hub
_, drag scaling relations are presented in Appendix D. The fuselage aerodynamics char-

.,_":', acterlstlcs contained in the block data routine for the ABC were taken from refer-
,_ ence 9. The measurements of auxiliary thrust, combined with the wind tunnel measure-
."_ mcn_ of aircraft drag, indicate a rotor drag equivalent to about 1.16m 2 (12.5 ft 2) at
_'_., , 230 knots.

;::i Figure 3 compares the rotor flight test perforamlce with the calculated results.
_ T_e tri_ attitude is compared in figure 4. The flight test data are presented aea :

=Si,:' crosshatched region to indicate the uncertainty in the data. The calculated trim :
:_;,, attitude (and to a lesser extent L/De) is influenced by the estimated rotor drag.
...... For the analysis, the differential longitudinal and lateral control angles were '!
-:_i': fixed at 0° to 20 respectively, and the phase angle was fixed at 40°. The analysis

,i._. was set to conduct a 6-degree-of-freodo_ trim to determine the collective, the dif-
:'::" ferentlal collective, the longitudinal and lateral cyclic, the pitch attitude, and
_,_, the roll attitude. The correlation with the flight test could have been improved in
_-:, the 160- to 210-knot region with additional refinement of the estimate of the rotor
_'.ii",._ drag. Due to the large uncertainty in rotor drag estimates and the li_nltedti_e
-%,i,,," available, tillsadditional effort was not considered worthwhile at the present time.

_" The lift offset for the flight test data is compared to the calculated values in i
_L: figure 5. The large variations in the calculated lift offset at a given advance
_:_". ratio are due to the significantly varying trim conditions obtained when investlgat-
,ii_._ ing the effects of the auxiliary propulsive force and pitch attitude. The low values
--";, of the lift offset at high advance ratio appear to be due in large part to the trim
_'ii condition calculated. At _ = 0.6 and lift offset x/R = 0.i06, the collective pitch !
.... -i_ I,,':': was approximately 875 = The reduction in the lift offset with reduced 875
:,._-> appears consistent with the Sikorsky aircraft trends shown in figure 5.

--;_= :.,

::_!: ABC Wind Tunnel Test _,

:: The wind tunnel test of reference 6 was used to gain insight into the ability of :
._,.., the analysis to predict the effects of high advance ratio and to calculate the llft *I

"_': offset. As can be seen in table i, the combination of flight and wind tunnel test I
?_i,-.. data still falls short of covering the advance ratios and the tip Math number desired
-..:_'_ for the advanced design. The wind tunnel test data does provide a wide range of _,

:"'_ CL/_, B{, _s' and CD/O conditions. I

......" Table 1 shows the airfoil sections used in representing this rotor. A consider-
_';"'_'_' able difference exists between the actual airfoil distribution and that used in cal-

culation, but it was thought that general trends would not be greatly affected. A

_._ 3-degree-of-freedom trim was used to trim input CL/_ and CD/O. Trim to a given
_',' shaft angle was forced through input of a large value of fuselage M_/q. The rotor

""_ control settings for A_, AOt, and r were not recorded in reference 6 and were
_: taken to be zero.

- ,_,j

'",'" OF FOOK QLIALI'[Y
3

== .s

%

• " " " " " , " " '........';"..°' . .. '.":'...'..".'...:':',.i.-":;/:" .,,:" ,i ' " '."... .,,
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.,_,...

_,._,: ?iguros 6 to 8 present the experimental data for rotor L/De and the correla-
_::_.,_ tlon obtained. Predicted L/Dof_ at 0.47 and 0.91 wore somewhat optimistic compared
_,,_/ to t_st data. At an advance ratio of 0.7, the predicted L/D_ wa_ significantly '
=,_i_'; worse than the tos_. A detailed investlgatlon of the results indlcated significant

; " stall, and the validity of the computational results for this case was open to
:.: question, The use of untfon_ versus nonuniform inflow or of dynamic stall models did
/;::' not affect the basic result at 0.7 advance ratio.

: :•_,:• The llft offset data from the wind tunnel test were of particular interest as
:,._/: the rotor shaft angle, the llft, and the thrust wore well defined. Possible varla-
•'_i, tions in these quantities for the flight test data caused considerable scatter in
_''_' the calculated results, Figures 9 tO 11 present the lift offset data for both
:T_:_, theory and _xperlment. The analysis significantly undervredlcted the magnitude of
°,_. the lift offset for all cases. The differences in theory and experiment are miti- :'

-._,_ gated, in part, by the approximations made in input to the analysis for this config-
-_'>'_"':' uration. Also, note the trend for decreasing effectiveness in B_ for reducing

_i:_,!',!:.i the lift offset as advance ratio increases.

ABC Advanced Design

As stated earlier, the advanced ABC configuration was based heavily on the

_:i_ results of references 7 and 8. These references indicate that very large improve-
:i_%_ ments in rotor L/De are possible as compared to those demonstrated by the flight

_,_,!;i-_;_ test program. The performance estimates for the advanced design which follows are
_-'_ based on both the demonstrated capability achieved in flight test, and on assu_ed
_,_ solutions to problems encountered by the demonstrated aircraft.

:_'i, The general requirements for the advanced design were that it have a maximum q
_._ speed capability of 250 knots at altitudes up to 3000 m (i0,000 ft.), with hover :!
_'_'_ performance at the design poivt approximately equal to the flight test aircraft. I

__:;_'.:,,

_':_' The overall trends of the maximum blade loading and the flight envelope would be _i
_'!'_': similar to those shown for the demonstrator aircraft (see figs. 3 and 6 of ref. 5). 'I

-_:_gii'_ The advanced rotor cruise CT/O was chosen to fall within the capability demon- il
_ strafed by the ABC aircraft flight test. The rotor does not have the capability to ]
_o'_ hold performance up to the 7,500-9,000 m range desired for some JVX missions. A I
'"_::_:i significantly increased rotor solidity or the addition of a wing would be required ,.
_.,+ to meet the higher altitude cases. _ ';{

_' A large portion of the predicted performance improvement of the new ABC design
_i_ii:_'_ is due to the more optimum operating conditions. A typical difference in blade '
,::_,_: loading, pitch attitude and tip Math number between the demonstrator aircraft rotor
_'_' and the advanced rotor are shown in figure 12, To meet these operating conditions,
...._: it is necessary to significantly reduce the rotor RPM. The rotor hub and aircraft

,:_o:: stress problems prevented the ABC demonstrator aircraft from operating at the desired
_,_,, conditions. The improved structural design and revised aircraft trlm offer one means

:__:::iii': of controlling the rotor RPM. Direct linking of the rotor and the auxiliary propul- _
sion drive system offers another approach. For the purposes of thls study, it was

_,,: simply assumed that an adequate mechanism for RPM control would be available. The
_', airfoils wore selected to allow operation at tlp Math numbers up to 0,85. The
"_-,_ advance ratio ranged from about 0.47 at maximum range speed to about 0.85 at maximum
_i::: cruise speed. The specific values are, of course, dependent on the given design
:_....... and mission requirements.

_..:_ 4 OF POORQUALITY

• , ":_ ' _ .... 4': ' _ .. _.. '.,, ." ,:_,,. o • .- ,.. "" .: . • • ,..._.:,, • . . . .,"" _,%.,_ .' ,,_, .,. , .,:: ....... ' " _'_'_. ":'°o ,..
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The computer analysis was _un in =we modes. The initial runs were made u_Ing
the ABC demonstrator airframe aerodynamics and a full 6-degree-of-freedom trim. This
resulted in chc trim attic.de (0 ° co 1°) shown in figure 12. The _u_elnge aerodynam-

' lea were also acidified to force the racer to trim at a given attitude, as was done
in the wind tunnel correlation. In both cases, the di_forential cycllc and phase
angl_ were identical to that used for the ABC demonstrator aircraft correlation. The
auxiliary thrust was chosen to pu¢ the racer at or near autorotation. The final

: results shown are for the nonuniform inflow case, although some uniform in_low

results are shown for comparison with the data of references 7 and 8.

_: The results o_ the performance calculations presented in figures 13-16 generally

i:i substantiat_ that greatly improved performance is obtainable for the ABC although
• , the present estimates are not as great as those in references 7 and 8. Figures 13
./ and 14 summarize the rotor performance calculations. The calculated improvement in
" L/D e between the ABC demonstrator rotor and the JVX advanced rotor design is due

• about equally to optimum operating conditions, planform, and twist improvements. The
' rotor-rotor iaterference as indicated by the difference between uniform and nonuni-
-;'_ form inflo_ calculations showed a significant impact for all cases investigated. The
....:: rotor L/De'S for several advanced ratios expected to be typical of JVX missions are

shown in figure 15. Note that the design CT/O has been chosen to provide maximum ,
L/De at normal cruise conditions, and failure to trim the rotor at the design RPM

_:il could significantly reduce rotor L/De . Also note that L/De peaks much sooner for
, the advanced design compared to the demonstrator. This is expected as the outer 50%

of the advanced blade uses an airfoil section with significantly lower maximum lift
_ capability than th_ demonstrator.

_ The rotor twist particularly in the tip region, has been significantly reduced

_, for improved high speed performance. The ABC demonstrator flight test results and
subsequent calculations indicate significant regions of negative lift on the rotor

i at high speed. The twist selected generally eliminated these regions. The addl-
tionai reductions in twist had no benefit in forward flight as shown in figure 16,

il_ and would have an adverse impact on hover performance.

_' The determination of the lift offset has a strong impact on the structural

_ design of the ABC rotor. For the purposes of the JVX prelimxnary design studies

._;' wl_ichthis %rt supported, a lift offset of 32% was assumed. The present inves-
=_i__, tigatlon was _Imlted to the determination of the llft offset for a limited number of
_i: cases typical of the expected operating conditionS. The differential lateral cyclic
_:
.... was held fixed at the same value (2°) used for the ABC flight test correlation.
_" Figure 17 shows the calculated lift offset at shaft angles of 0° and 4°. In this
::';" case, the rotor L/De was not significantly affected by the modified trim condition

although the llft offset was strongly affected. This general trend is in agreement
- with the wind tunnel test data presented earlier. The impact of increased B_ was

not calculated although it would also reduce the lift offset. Although the earlier
=:"'_ correlation presented indicated that the analysis tended to underpredlct the lift
.._ offset, the combination of trim attitude and increased B_ should provide an

,_ adequate margin to keep the flight lift offset at or below the assumed design value
• ::: of 0.32.

J

_ Hover Performance

The lu)vcrperformance of an ABC rotor for the JVX missions was viewed as le_s
,,:, important than the high speed cruise performance. The airfoils and twist were
-; selected for cruise performance. The very limited data available for correlation in

5

.t

........... ," ........................... :__ ........... _'"_;_:"_:';_p_'_"%;_._E_'_'.'._ '' _'_'_ ............. ' "'_- ...... _" "_-,v" _ - :" ..... '
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_:_ hover, and the le_s_r importance o_. hover in this design study, dictated a simpler
analytical a_proach for howr performance. Hover p_rforr0ance calculations for _h_

.. '.. Sikorsky CCR/_ code may Im extracted from rcforonc_ 7. Thin code is desc_ihcd

,,:. brlofly in r_foronc_ ii. Addltlonal calculatlons wore made u_ing the Boll A7906 code

':i doscrlbod in reference 3, Both of the analyfli_ methods arc llmltod to modollng the
._ ABC rotor as a _inBlo rotor with the _amo number of blades In-plane. The analytical
,=' results for isolated rotor performance are presented in figures 18-20, Reference 7

_,_"" advances a number of reasons for dlfforences between those models and the oxporlmon-

i...... tal results. Figure 18 shows that both o_ the analysis methods are more poosimistic
_ _' than the experimental results.

_/' However, the application of a correction factor such as that developed in

-ii__ reference 7 should be viewed with a good deal of skepticism as the differences
.:,:. between measured and calculated values are well within a reasonable accuracy limit
:yi (-+3% in power) for both of the analysis methods. Th_ experience with the A7905

-_j!_i!._ code indicates that the magnitude and direction of errors are not consistent from

':i:_'," one configuration to another, and that applying a correction factor based on on_

.::.4, configuration to a significantly different configuration may easily result in an
"_:'" increased error.

_,_: The calculated performance of the advanced ABC rotor is shown in figure 19.
e_ The CCIL_P results shown do not include the ABC correction factor of reference 7.

i_:,,_,"°' The differences between the two methods are not viewed as significant. This result

_;_.!_ is compared with the ABC demonstrator rotor figure of merit in figure 20. Also
!-_:::_., shown, for the purpose of comparison, is the estimated performance taken from
-*'_ reference 7 This estimate does include the correction factor of reference 7

i:,:!_,, (O.5-2%). Note that both of the estimates show the impact of the reduced llft cap-

_ , ability of the outboard airfoils at high values of CT/O.

_,,¢Y CONCLUSIONS AND RECOMMENDATIONS

i=i_:-_ i. Significant improvements in rotor L/D e are possible for the ABC in high :
_-_-:: speed forward flight. These changes are due both to changes in operating conditions i

15_'i_': and trim, and to changes in rotor aerodynamic design (airfoils, twist, and planform). !

!_,,,> 2. The optimum trade of rotor performance, lift offset, and aircraft trim have

i°_.,:._ not been identified. This effort should be accomplished prior to development of new !
i '_'_ ABC hardware.

ill.',,:: 3 Rotor RPbl control and high rotor stress are problems that were not resolved

!-_:_:_ by the XH-59A flight test, although solutions have been proposed. Additional effort

•;-b:_. is required to reduce the overall risk of an advanced ABC design. It would be desir-
< able to conduct additional flight tests with a controllable elevator to investigate :,

:_.., effects of reduced rotor stress (rotor pitching moment) Also, further analytical ',

_,o:_, studies and wind tunnel, tests will be required to support either modification of the

L_:I:_. demonstrator aircraft or development of a new design. To demonstrate the full paten- I
;-:_ tial of future ABC designs, a new rotor and an integrated propulsion system which

.!-:_:':.._., powers both rotors and auxiliary propulsion devices to the ABC demonstrator would be

_".:'_ necessary.. .3

/ V

:._':. 4. The present forward-flight analysis offers a step forward in realistic

•_!_.i: _ modeling of the ABC rotor. Additional modifications to the code to improve the

:-"" ! ol_lu._nLplt_f. _
_, ,: 6 OF POORQUALITY
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Oltl_lN6L PAC:P.',ILl
,: APPENDIX A OF poOR ULI_kLI'I'Y

PROfJP,AM HODIFICATB_Nfl

_, Tills appondix dtmevt|ma tho modiflcatl,on, to t|lO vo111putor _:_do that woro noo_-
o..ary {;o analygo a coaxial. Iwt:tcoptor v_mf,i, gurat:l, ot_, nucl_ m; tim ABC a_r_raf_, Tho
campttt_r pt't_Bram :l,t; d_mct'lhod IB lrt_forottco 2. h tompm;ary _hango wan mado t,u wh$¢h

the random holh, optov inodt_l (ldontifIod by the paramt_tor CONFI(; u 2) wan utmd aa a
bant_l.tBt_. Tho otll.y chttt_goa roqu_r.od wo_t_ t,_ lncatporatt_ tho cont_o._ ayntotn matr$_ct,

T.,.,,, doftned :Lit Appendix B, and to make approprlato modt, flcatioBa to tho print of' t,P I',
: tim input pnrametcrt_. The apocific program modtflcatloml made arc a_ fall.own.

: I) StIBROtlTINEPRNTB

(a) Ill format atatemm_t 998, change TANDF,H to COAXIAl.•
!,

-" (b) Delete line number 148 (ttecoBd lt, no after statement 1¢):

:, IF (CONFI(;•F.Q.2) (:0TO 21,

2 ) SUBROUTINE PRNTC

(a) In format statement 935, change TANDEHto t',OAXIAL• :I

': 3) SUBRt)UTINI_tNITB i
;i

_ (a) Delete line number 183 (second line after statement 2¢): i

:° IF (CONFI(I EQ 2) GO TO 5 '
i i

....... (b) 'lX_o liues before statemeut 5, between lille number 196: kl
'7 }

.i i
!:: TCFE (4,4) =-R*KPCFE ,!

_' and line number 197:

:,: GO TO 4

t

.:!,. lt_set't the fol lowing stat_,meuta:

," IF (CONFIG .RE. 2} tlt) TO 4
),.,

-,..,.. 'ro,'l.: (4,6)=_.
,#.

- ': TCFE ( 1,4 ) =R*KPCFF
Q

: R=!,

_J" IF tl/O'rA'r2 NE !) R=-I

)_ I'C 1'1:(4.1 ) =K_CFE

TCFE ( !4,2 ) =-R Kt,(,1 l-*t,St,

,t

'%-t
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ORI(_IHAI.PAQ_JI_
; ,: /eeeNDzx_ OF POORQUALITY

° r_ ABO CONTROL LAW8

:.,:" This appendix proemnts Cha AP,C control laws, XH_59A control t_Igfiitlg, and Cho
.I-,;,L. reproeontaCion of the ABC sancta1 laws in the analysis method used for the ABC. The
•:..... ABe control variables u_od _n _o£o=oncos 4-6 are do£1nod _n table 2, The con=tel

!-#:",. riSging used for the flight tosC of rofor6ncos 4 and 5 £s QhoU%tin _lguro 21 (£ov
',':,i?;. auxiliary propulsion modoD mid co110ccivo, and phase anfilo P - 40 dos).

-':t'2.: I
.,:.:v In order Co represent che ABC control laws with a minimum nuabor o£ code modi-

,-."i/;'. ficationst ttts nocussary Co roda_ino soma of chc control inputs of re_erenca 2. =
The prosont analytical model for a coaxial rotor givest

. .,":' . 80 80

'::" 60
2,'.i::2_ oic etc
_;':: 6c,, 81s
,:!_,.: 01s u u•,:.;+ = T 6 +
_:, ' 80 s 80 ,,

_'_ 8Ic 8ic.;Y::,
•:;.,..%
"<';' _t
:_!/_h,_ 81s [L 81s L

-,__.,s whe re

-:..._._,.

-":.:_:.:..o O = O0 + 81c cos _0+ Ols sin
ii

'=-.'"' and "

.:'-_,_ : _o 0 0 fltkp 0 "

..:I_: 0 -_llk cos sin A_s 0 0_;i_!i'_i,i c A_c "ks

• ",: k 0 0 fl2k,, 0
_:,-,.... o t'
C_,.-'_

-_;_6,:_ 0 -fl2kc cos A_c -ks sin A_s 0 0

"c_,: T = 0 -_akc sin Aq_c -k cos A_s 0 0?"_I_i.' (CFE) coaxial s
:%:-:::;.

i:_ " kf 0 0 0 0
- ' _' 0 0 k 0 0

4 v: , ,"

,,6'.'. C

_,i_:' o -k o o o
;,i";'::' ' Ei

_,': 0 0 0 k 0
'.-"%,' Z"

.,_,.,

_ kt_-::_,,_ O 0 0 1

.".._._ i0

%
J
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uppor rotor and auh_eript L rafo_n ta tho lawo1: rotor), BxpandinN t h_ _qua_ion
, , for o g£vv_

[:n/ + (00L + 01e L cos _ + 01% sin _,)_ J
,... lind _

I 4;_c.

:':'_,:;, %- k06o - kp_p + kc eoa(_,-_%)_c " ke ,',in(_+ _)_u

i ,_':_ + (OOu + OILu coe _ + 01% sin _)z

i :''.'._,:_:,: These _quatJonB aro oquivalont to tho reprosontatton of tho ABC control law_ if
_)i:_ tht: terma aro dcftnod a_ ehown in tablo 3. Also uhown are thc corresponding

;.o,_;,,, computercode inpue name_.

_._f _o

' "_"_', ORIGINAL PACE _,_,.'1
;=_;_". OF POOR QUALII'¥, --_::_,,

i % :i,:

%ki¢".
r'".,:':! ' :i

[7" ,: u

r ,_:?,_"

=5:':-:'..":

i _:<'

i ox!._:"

, .0

•.o .,£
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ORIGINALP/I(_IL.;l/.;
^PPi_N{)I.x(: OF'POORQI/t:d.j'l_,,"

^N^I,VS_,qr,NPUTI)A'{'^

Tl1:l,_a_llq_,_udlxprov:l.do,1I:hucOlnl_J,oto:l,nput ducalut;odto modo] tllt,AB(.',¢ll,r,crifft.
',['ht_,,,,_Ir:[_thlull_irt, tlqlJ[11t:d 1,11l:P.{_t_.l:lHIP,l_ ') 'i'hL_ro{,l,owl.ll{_J:[.HC:IIIBfl{iI'¢i|_IrOHollCod|

,I,)The hl.oekdalairouLlnoa for Lhc XII_59AAIR',dcmonatrat:ora:[r('rnfL.

Of) Thu trlm/_H,rfr_mc blocl(daCa.

'." (b) 'rhc rotor tt,I. (tq_pur rot.or) hl.ock thtta, The. rotor 1t2 (lowur rot.or) ,input
.; l.a.l.duntlcalto flint:for rotor #I, _xcept for h chnngu In the direction

of rotation (Rt)TATE m ,I.), and approl_r_tlu_ chnn[_os Co tht_ TITLI,I t_nd TYPE
[Ittr_ll_t_C t_r H,

2) The namel I_t '[ltpllt rt_qtllredto anaty_,ean adsnmood ABC hel.icopt_:rfor ,IVX,
rc,l.attvc to Cltu XII-59A b].ock daC_t as a basel.inc. ,,

3) The nam_ll.st: l,npuC required to _mal),ze the ABC rotor usod in thc wind turn, el.
te.,;t', r_,lat:,Ive t,o t.he XII-59A block dctt:a ax a bt_t,.lJne. :',

! "/ i
r-, .| ¢
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ORIGINAL
OF POORQUALITY

:_" BLQCK DATA
CnRMON #TMDATA/FILEIDIA),TITL_(20),CQDEtANTYPEI3|tOPAEAUI&OltklPRNI-

: ............. l..l.t DEBUOf _ l.f OPUNi T!_H.RO.T..OA.r_ LT._S_.ITE HP_xy_K_$jLYELj_YT_I Ise.A_BtlaP@BN_),HAU-
?.LoOPENGN, AFLAPoMPSI, DEN.__ t OPOENS, (;QLL t LA'_CYC,LN(_C-Y'G,PEU_L_AP i __i_ A-_-'-

_:." i _RI1LL_ACL|MB tAYAW,ATUPNt MPSIReMAEVt ITERMtEISMOTNt IT_AGeEP_,|Rt_eULIF | _-

J STRI M, CTTR I MtC PTAi M, CYTA |M t BCTA| MtBSTR |NeNTR |No MTRI MD,DE['T A, FAE'fU'K_
,!/ ' 6EPTRIMtOPGOVT,OPTRIMtMHARM(21tNHARMF( 21

• :.:.' ............ |._ _eGEB--_.(]P__.AN__YI?E,O_eR__EAe t O_BP_G.JL_U_| T, OPGRND, 0PENGNtUOF t UU__t UP,t -
i .. |OVTeUPT_|HeC1PDENS .............
:_:,. IIFAL LATCYC_LNGCYC
; CO_IM_IN/BDDATA/TITLBI2OItWEIGHT_IXXtlYY_IZZ, IXYtIXZ,IYLilKATI_It[.U__"

....r:_L 2tl_ ,WLWB_FSHT _BLItT ,WLHT, F$V_ t BLVT _WLVT t FSDFF, BLCIFFt WkOf:l"t FSC.LitELLib_-

'_'.... 3_ILCG, .H_._A_$_Tt_PPSI_1 LC.A_NT_HT_CANTVTI_K_OC_FELKKCCFEeK_F E___KPCFEt PC_,FE! pSLF _ .L-;_........... _Et PPCFE_KFOCFE'KROCFE'KFCC_:_--K_CF_F$CFEtKRSC_'KFPCFEeKKPC'FE-_--PF --
''_'. 5CCFE t PRCCFE t PF PCFE t PAPCFEt KFCFEt KTCFEt KACFEt KECF E_KRCrE, CN! KLZI | 11 -

_'* _ ..... ._6_NE_L_PH_;._JLLQ_LIK__P_HS.I_/LO_.LL_P._H_C.2 ( IOI_KPHS211_0| _ZETARI_13_ 11)_ t GANAAI ! 3 -
" ;: 7 ,tO), ZETAR2 1"4,10), ¢;AHAR213 _'Ib)'_AS $! i0 ) ;GFREO t 10), QDAMP|IUI, ;IUkMP-_
'_* 8A( 10), I_CNTRL ( 6,101 ,DOFSYM( lOl

. ....... LN..TEGERCONE! Gt DOFSYM

-?,:,, t t KFCCFI_, KRCCFE tKF SCFE,KR$CFE tKFPCFE, KAPCFEt KFCFE, K_¢FE, K6.L.FEt I_EL.FE"

..... CnMMQN /@ADAT AIL FTAN, I W_, L-FTDW,lr #:-ki;-D'R-_rO'W';O'O-R-GVW_ "IW,UK_,I_W_"_RG-F"W_-
_"_"_,,,,, [, AMAXN, M(_MOW,MOMAW,MOMDW,MOMFW,S I DEB, SI DEP_ S IDEA, RULLB 1)RULLP, RULLK -
" _ RD_AHB LY_A..HP_eYA_R_._YA_. FT/_H_!_LFT E_H_A_MA_XH, 11tT,_LF TAV, L FI RV t AHAXV-

_/! 3t IVTt FETAIL tLHTAI L _HVTAIL_QPTINT
.,:_ INTFGER OPT' NT
-_', .......... [_EAL. _T..A.W,.|.H _ t]._E_T_D_W_L F_T_F_W_t_HOMO_W____OHAHLH_UMD___MOMFW,L FTAHt LFI Ed t LHI -

:- "" tt LFT_,V,LFTRV t IVTt LHTA IL

;%_, COMMON/ENDAT AtENGPOS tTHRTLCt I ENGtKMASTI,KMAST2t KICStKEN(3t KP_IVE tK-
"_. ....... _LPGO_VLIKP._QVZ _K[G[]_VEl KI GUYjL__K_IG{]V2 t TtGOVE iT 1GOVt tTIGO V2 t r Z__UV_E.tI_Z_.bU-

:..S' 2Vt ,T2GOV_ ,GSE, GSItK EDAMP
_:',: v INTEGER ENGPOS

_**. REAL IEN_KMAST1 ;KMASTZeKICS_KENG, KPGOVEtKPGDV1 _KPGOV2_I_iL_UVE_KIL_U-
•-._c' _.VI tK| GOVt. tKEDAMP

COMMON tLADATAIMVIB,FSVIBIIO) tWLVIB(1OI,BLVIR(LOI,ZETI()_[_I)t
,- ? ........... 1 .ZETZL3.,LO)., ZET_ [ _ LO.|l _ZET_I 3 t tO|.,_ ZE_T__1___e_[O_)t.. Z__ET6.13t[ __1! ..............

:_. 2 ZET?(3_IOIt ZETBI3tlOIt ZETgI3tIOI, ZETIOI3tlO)C
_"......... DATA_T [XLE/_rJflAB_. HELI_OPT.ER -- .__XH_9...................................................

___, UATA CDDF /MtPERF /
':': DATA ANTYPE / Ot O, O/
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: , .',

-'_" P.A_YA+O_P_NT.LT__L..N.__O_T_OR.../ 1, _-/
.-"'.' DATA OPGRND / O/
:,i:.:,' P_A_T._.__.$_L/ O,O00OO0O/

:J_'." DATA DPENGN / O/ " -
_"_. OATA AFLAP / O, 0000000/

...... .... p__AJL_.SJ____j._a_f . "DATA DENSE / O,237799qE 02/
! '_i_::_.' DATA OPDENS / 1/
........' pAT.A COL.L , LATCYC / 0,69399.98E 01t O.O000000/__
[-.ii_.;:.:. DATA LNGCYC , PEDAL / 0.252999ge 01, O,O00000"./
_-_.+._": DATA APtTCH t AI_OLL / O,OOO0000t O.O000UO0/
_:_":'__ ............ D__ATAoACLIMB L A___yAH..... /__. . O.OOO0000t O.O_)O000O/
i '_:!,i OATA RTURN / O, OOOOO00/

DATA MPSIR , HREV / 2e_, 1I
i:_:,',_ O..A.TA [TERM / ?.0/
i_>: DATA EPMOTN i O,2000000E'011

DATAi'reRc / ao/
i.:'i_i:!'!:::. DATA....EPCIRC / (1, qggg?ggE-031
j-:+_:_;',,,- DATA DOFt DOFTI2'_ [ t 1.4_10:,2t!, 3(_-tO, 2'1. t 2'_L1,2*). t 2'0/
i _.:;_i=.':.'.'-'_ DATA LEVEL I ] t 1./
;;_'_.'" DATA ITEI_U. , ITERR /. 1., t/

DATA |TERF t NPRNTT / O, I/
i+;';_i_. 11
i_i_._+ DATA NPRNTP t NPRNTL / 1.t_:_;_._. DATA CXTRIM • XTR|M / 0.0000000, 0,0000000/

DATA CTTRIM t CPTR|M / 0,0000000, 0,0000000t
_'_::. DATA CYTRIM t BCTRIM I 0.0000000, 0,0000000/'

-__+_._, _ DATA BSTRIM / O, OOOO000.1
'_!_:_'+ DATA MTRIM t MTR|MD / 20t 20/

:"'"'::_ DATA DELTA t FACTOR / O,1.000000E 01t 0,2999999E DO/'
_i_.:.• DATA EPTR]M / o,ggggggeE-02/
_+:,.._.-'_'_ DATA OPGr)VT , OPTRIM / O_ 5/
_:"_:' DATA MHARM / 6t 6/
"_'" DATA MHARMF I Ot O/
+:,_.: C

; ....i_ DATA T|TLS/BOHABC TECHNOLOGY DEMONSTRATOR AIRFRAME

DATA HEIGHT t IXX I 0,1._30000E 0St 0,1.400000E 05t
i:_:':_!i_+ DATA |YY , [ZZ / O,1200000E 06, O.tlO000OE 06t

:+_:! _ ....... .__O__a ! XV _.L_L,XL_ I O, O00OO0_O, 0.0000000/ ,'.i!- __,_..
!--_?,. DATA IYZ _ TI_ATIO / O.O000000t O,1.000OOOE 011

DATA CONFIG t _)I
............. DA.TA.._AS_JAF.T. I .. O,_IO.O0_O.OOL..... 0,00(100001

i +,,' '. - .....

_._.,_ .. .

.._ : , :

! ._+: ,o

,,(:,

.14

:,:._::-:-:.-- i;:;+ ............ • : ,: +:__:..:_.: .............................. +
o _ o '-+' .... +"o " • ,, :..+ ..' _+ ',., ". _ ,_ ,, ' :,+ ..,> " + '= '_+" " ++'
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OF POORQe,j_Lil_-_,

8:;t ', o.oo8e888°,°°°' o.ooooooo,
DATA FSR2 / " O*O00000Ot ' 0,0000OO0/
DATA IdLR2 _ I_S_ / o,_q99¢)98_ OlD O,OOOOOO0t

, QATA R.kl_l_• , WLHB I O,0OO_00O, O,OO00OOO.t
DATA FSHT , _LI_'T / O,2IO0000E OZ, OeOOOnl)L_OI*

DATA WLHT , FSVT / O, O000000t 0,0000000t ."
. DA_'A_LW , .W._.VT / O,OOOOOO0, O.0O00O0(_/,

DATA FSOFF t BLOFF / O,O000000t O,O0000OO/
DATA WLOFF t FSCG / O,OOOO0OO_ 0,0OOO00(1/

... D.ATA BLC.G... t.. NLCG / O, OOOOOOOt O,(_OOOO00J
OATA'HMAST , DP$121 / 0,0000'000, 0,00000001
DATA CANTHT _ CANTVT / O,OOOO0OO, 0,00000001
DATA KOCFE _ K_C_CF.E / O,10OOOOOE Ole 0,1OOOO00E O_t
DATA KSCFE , KPCFE / O,I.OOOOOOE Ol.t O, LOOOOOOE Ol/
DATA PCCFE , PSCFE / O,5000000E 02t-O,5000000E 02t

• . DATA•PPCFE.. t KF.OCF.E ../ 0,0000000, O, tOOOOOOE 011
DATA KROCFE , KFCCFE / '0,"1000000E Olt O,IO000OOE 01/
DATA KRCCFE , KFSCFE / O.100OO00E Or, o, IO00000E Ol_
DATA KRSCF_ , KFPCFE / O.IQOO..O.OOE O!.* O,[0O0OOOE 0|/
DATA KRPCFE t PFCCFE / 0,[OOOOOOE Olt 0,0000OOO1
DATA PRCGFF. , PFPCFE I O,OOO0000t 0,0000000/

........ DATA PRPCFE • KFCFE / O,O000000t 0.0000000/
DATA KTCFE , KACFE / O, O00000O, 0.0000000/
DATA KECFE , KRCFE / 0.0000000, 0,0000000/
OAT& CNTRLZ I O, OOOOOOO,-O.169OOOOE OL,=O,ItZ99qDE gL_ ........

A O.OOOOO00t-O.B399998E 00,-0,1TT99991_ 01, O,OOU_JUUUt
A O,OOOOOO0, 0,0000009, 0,0000000, O,OOOOUOO/

flXTA NFM . l O/
DATA KPMCI, KPMS1, KPMC2, KPMS?-Iq,OtO, t
DATA ZETARI _GAMARIt ZETAR2 tGAMAR2_QMASSt QFREO_QDAMP_K_DAHP_,t;I_.N_R.12

lOOeO./-- DATA DoFSYM/tO*O/
C

-_ DATA LFTAi_ , XN_L..... / .. O,OOOOOO0, . O,OOOOOOOt
DATA LFTDH t LFTFI_ / O.O000--OOOt ' "0.-0000000/

. ! DATA ORGOW _ DI_GVIA I-0.9000000E Ol, O.O0000OO/
. DATA DRGIM t D_W / 0.9999c)99E. lDt .... 0,0000000/

' DATA DRGFN , AMAXM / O,O00OO(_0t O,2oooo_-o_--O_/'
DATA MOMOkl t MCMAW / O,OOOOOOOt O, lOOOOOOE OB/

l ...... JA__A. H__MDH t MOMFW I O, OOOOOOO, O. 00000001
_! DATA SIDES , SXOEP / 0,16400001: O3t O,0000OOOl
i'. DATA SIDER _ R(1LLB / 0,OOOOOOOt O,39_OOOOE 0_I
:_\' ............. DATA._R[1LLP..... t ROLLR..........] ..... O,O0000_O.Ot____ OL00_O__O_00Ol

I
)

t

I
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.,r_ ., . , i .... '7_'_-., _":"_:' " ' /' " _t_'l ' ......
• _.,, , , .... "' "'_-_-_'" _-,,_,_,_r_,_,_- .... ..... ._'" ,.:....... : --.._.._.._-_._'_L'_, "_='_11

! :_' OHIGIHALPAGg IS
... i OF pOORQUALITY

b

,' ,..........
-.": OATA YAWA t LF.'fAH ! .O,OOQO000, 0,o000000/

UATA Lt_TEH , AMARH / b.OOOi)OdO, " 0,_()0_0/ ......
_:' OATA lilt o Lt'TAV t OeOOOOOQOt O,OOO00001
• :. UATA LFI'RV e AMAXV t ¢!,09q0_1_0, ...... q,O000000/
::..: I)ATA I VT , FFTAIL I I),OObO000, O,()O'l)O0_){)i ...........
i!,: OATA LHTAIL , ItVTAIL I O,O000000t O,O000000t
?:,. DATA UPTINT / .Qt ....................................
"' ' C

2'_: DATA ENGPO$ / 2t
:: DATA THRTL¢ I O,;_OOOOOOE O51
?" DATA IENG I O, IO0000OE O2/ ........................................
'!:_" DATA KMA._T| I 0,3000000E 0._/
;•!:", UATA KMAST_ I O,3ClO0000[ O51
: .'.; OATA KICS / U. IOOOOO(IE 0_I
,; DATA KENO I O.3OOOOOO1_ O91
.',."i_, DATA ..KP_A.1VE t 0, 00000001 .............

-"_'" I")A T A K PG(IV'I[ I _l) Q" 0 0 L) _1)0 0 01 / ...........................................

,, L'IATA KPGOV_. / O.O0000OOl
•_:" DATA KIGOVE I O, O000000/
/o:, DATA K IGOV| t O, DO00000/
:'/" DATA K [ GtlV_. I O,00000001

..... DATA TIGUVE / OtlzLqggqE 001 .........................
:_?: DATA TIGOVt I 0.22[_ggqE 001

--_"_" IIATA TIGUV2 / O,221999gE 00/
__;i": DATA T_._UVE t tl_5_OOOOE-011

DATA T2G{1Vt I O.?._4OO00F-o_.i ............................

".:::. OATA T2GOV2 I O,2_i4000O_-Otl
__._,..,: DATA GSE I O,9999998E-02! ..............................
'_:2': DATA G$[ / O, qgggggsF-02/ :

_:_'., DATA KEOAMP I U,|OOOOOOF 01/

..;,. nATA .vl_ / O/ ..............................
:.,_::, END

y'o,

,,;:_"i'-...._ ..-:...... •.....", ' '

•:._,:,,_. . _.............•......-.., _.oo ... ,, ..._..._::.._ oo_, :..,_:,,....:.-......,..:.,,:.,_........_,,_::,.:,"_i--:_':_:, ,_/
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nLIICK I1 1'AA
C.I|MMI}N tR|nATA/TI tl F| _O|, TYPEoVTIPNeRADILI$, SIGMAe(1AMNAoNBLAL)LoItJAN-L' ;J,

._.:,¢, LPOt TL)AMP¢, TPAMPAI NUI;Cl NUGSt _i)AMPC t GIlANP_t t,I1AM_C! LtlA MPM_LUANPR, B1 | P-
"' ' _tI1PTIP,I. INTW, TWI _Tt tRtlTAi* F.tI1PHV Itll _ | t (liitl._l.I),_$ B( |OI ,_1 | raJjTAJi 3| t -

,. 3AIICtAY iA MAXN,_,P,_I (1,_( 31 i At.FII$ ( 311ALFRE ! _ | t CLIISP, C[1DSPICNUSP t UPlrAN t U-

.-v 4P,_Tt. L i {1PClIMP _RRIltlT eKItLMOAt I_FLMIIA, EXLMDAzFVL lqllA_FIqLMUAor.AI_| WUt k I !qi 14-
i_"*" r_, KINIF tKINi'NB oKi NTttToKINTVT _ INFL(1Wi_i tt_UMAXt NtlPlilt kcpL_ki-LAPt kLAGt k -
'" .*" _CPL S_T SPRN6_NCI1L.B t NI1NRI1T.It 1NGEt NCt)L Ti KPINt PHI PH _Ptll PL t KPbt RPH_APHt "-g/

-,*'(, 7ATANKP| t tl I t 11_I._i.;i MI_LAL1Et EPMilI,)Et MRBt MRMt MASS1", XI T! EFLAPt LLAI_ kF _ _LI' -
i "};%'"_";;'; I_A_XrA _WTIN_ F TOif' 1C _Fi"RiKTOt KTC t Ki"RtC(IN[ tDRUIiPt SWEfi_ i _I[1KUU)_iF _ll E_.p i -
i- ';%;.. qMRA_RA_ | !_l ) t (',tt()RI) ( _101tXAC ( 3(11t XA(30) t'TWISTA ( 30 1t TtttcTZL | 3UI t MI;UKkL I -
<:'!;.; A._O) tMCI1RRIl(:t01 tMC_.RRM(301 tMRl _RI1151 )iXI(._| ) eXC (._L I iKP21bLItNA$S( bl-

,.:. _ BI. ITItr_TA(_I, l, GJ( ,_il tt'IXX( qL I _EI ZZ(_|I _TWI ST |(_11 ...........
-.,.';i:.. RFAL NtK;Ct NLI6_ it I) ANPC_LtlAMPMiLI)AIqPR tKHLNDA_ KFt Hi)At K INTH, KENTF _Rl NI -
:,!:L,. |WI__KI NIH_ IK I NT.VTt KFLAP_KLAGoM_LAOEt MASSTt KTO_KTC_KTR _N{;UKRLi M{;tJRKU-
_,_.:. _ _MCI]RRN _KP? _HAS,__ ! THE*TA " "
_" INTF61_:R (1PTIPtRI.)TATt:'_I_PHVIFI_{}PUSLDtOPYAWICIPSTLLttlPCC}MP_ iNt'LUII_ttINt_-

-,:-;:. LEtWTIN
¢;.:'. CmqMtIN/6t I1ATAIKF WG,_IPFWG; iTFRWG, i_AC.TWG_Wl_MO(it,I_|-,R Y_d( _l,*[bi_E _i_ ( 4-

- :_,/ 1).MRV BWL;iLt}lqN6. ND MW(;(36 ),IPWG(1FJl_l_QWG LIEiL}QWG (_ |
_"_':.' I NTEGI_R t]I_FW6,WGMCII}L
_:_ CtlMMDN tWLI1AIAIf ACI'WNiI)PVXVY,KNWeKRWtKFW_KDW,RRUIFI_UiI'_KUIFN#tOI_$eU-
_.:?. t LS, I_I1RF( r_) t tip CtlRt ( _ ), WKM(_DL ( L3 ! _CIPNMS| 2 | t LHM, (1PHHi K1PRT$ t VLLU, _ PHi B -

_.':" _ ,DOV, UD_3UQ t MRGING( _01 t MRLI NL I _0| t CtPWKAP(.'t| eKRWGtUPRNGtF NGTt _21t FNb-
"_: ._SI i _i, FWI_Sfll ? I ,KW6t l¢t tKWt;SI I q| tKW6S(I(4) .....
_;_r. INTFGER I1PVXVY .tlPCLIRF, WKMUDL_L)PNWSeUPHWºOPRTS t L1PWKBP_OPKW_

! ",_' C_IMMIIN #L | DAT _JMtt ARMLt MItLtlADt HAL[lADeMRLUAD_RL(}At) | _0 IIINPULAR t NnkJMl' -i .Y°
_..,;_ I I_t ,MMK6MP,JWKI_MPIB |, MHARMNI3) ,MI'IMENI. 3|,MNLIISE_RANGE( LU| tF.LV_I Ni L"

L_O),AZMUTII|[OI tKFAI|L_t SENL)URiIR) tCMATI 1,811EXRAT !LB) tNPLU/i TSl tAASI3-
!=.._... ._OI _I1PN(ll S(_) " "
.:..-.-!_i_,,"*; IN11_6FR t}PNtll S
F_::C"_. C
_:..'; DATA I I_LE /aOHABC TFCItNIILUGY IJ_Mt]NSTRAT_R -- tIPPER ROIUR

•"o,.... A /
;;-'*,',,_" OAIA TYPL #_ItUPR I
!_"". ' I)ATA VT|PN , RAI_IU._ I (1.6500000E 03, O.1800000E 07#
!._7: '_-,._ i DATA _I6HA _ 6AMMA / (1.|2TOr_qg[ 00. O._3TTt3qqf 0|/

_'"*"i DAIA NOLAU[ / 3#

_ii'; I}AIA TIIAMPO, TIIAMPC,IDAMPR, NLIGC,NUGS, 611AMPC,G_AMPS tt DAMP&.,L_AHPM, LI}"t |AMPRIqe(1. t |.UATA BT[t _ / O,q?gqgqR[ 00#
,,o.;,..1 DATA I1PTIP t LINTW / |e t.lt

_f t IIATA TWI,_IL /-O._1100tlOF O|/:_:._.;! DATA RU]ATL I -L/

F°''L" i

L_: y:t" 1

g :,, :..u

;:c, I
i ".j. ] i

.°:_.;! t,'

";:: i® "
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ORIGINN- ia/4U_'|B
OF pOORQUALITY

.ATA ,DATA /to |t |/
DATA GS._eGSTItS*,OII -_ _. . ._. .....

D_"_ ADELAY t AMAXNS I O,1500000E O_t O,6000000E 0|I

..... OATA CLDSP " - _ _D"DSP-_-/"O,,-2OOOOO-OE "_lt "O-,-OOLIO00()i
DATA CMDSP t-O.6_O0000e 001

..... DA_TAOPYAH .L OPSTLL 1 Oo 1/
DATA OISCO_P / t'/ .........
DATA RROOT t KHLMDA t o,IggggggE OOo O,[[50000E 011
DATA.Kf:LMDA _t FXLMUA I O,I.4ggqq_qE 01e O,b$O00000_ 011

DATA FACTHU _ KINTH f O,taOOOOOOE OOo o,]LlgggggE 011
DATA KINTF o KIN_'NB / O,89gggqTE OOr 0,00000001

DATA ! NFLOH / It 3o De Ot Ot Ol
.__._..._P_HAX_, /_0, 19c)q999E 00/ ..............

DATA NQPB_RCPL_KFLAP, KLAGoRCPLStTSPANG/Oo _, t_iO, /
DATA NCOLB t NONROT I _t |/

.... DA_T&_H_]NG_f,_._..t. NCOLT I It. 21
DATA KPiN ! 1/
DATA PHI PHt Pit 1PL t RPBtRPHoXPHt ATANKPI 1$'_0. /

_ _ DATA DEL3G • MBLADE __/ ...... O,OOO0000t-Ot|OOOOOOE 011
DATA EPMODE / O.IOOODODE 0|/
DATA MRB t MRH / 60t 50/

__J_AI"& MASST , X]tT . ._. ......... O__LOOOOOOOL___. O.,.OOO.O000/
DATA EFLAP _ ELAG / Oeg|ggggSE-01_ o,glggggSE-O|I
DATA RFA t ZFA / Oe50OOOOOE-01, O,OOO00001

___3AZA_J_ELJ__ o. OOOO000/
DATA MTIN t 2/
DATA FTO t FTC / 0,6SOOO00E 01t 0,6500000E 01t

._ .___..DM.A_F__I;L.... _LK_T_Q...... /._O,4SOOqgOF.01, O.OOO00001
DATAKTC , KTR I 0.0000000, 0.0_0-'0_
DATA CONEtDROCPo SWEEPt FDRUOPt FSWEEP/3 • t _*0, /

DATA_AE/.Z, • _,. 4__.-_J_J.._-;-.-6-e;,_-7[-,%-?_,."t_),.ez,, eB-;.-d,,.-'_ ;. _a_;,;_/;
t1.,15*0, f
._ __H_RP / O,95829q6E-O[, O.870q, gqbF-O[t 0,8002990E-01,

A O_65_B99SF-O].o O,636[9_TE-O|t Oe6_O3000E-O_., O,606300611:-ULt
........A_.O.,P.BB30.O_OE.-_O.I_. O,_T23OOOE-OX, O,SSba_OOO[-O|o de 5406000b-U). t l_d, t

DATATWnS-TA/--O_-_q_eE-bi-;-o-_e, tq_9_-6i.-_;_6-'-_-_ _i*
A O,l.qtqqggE 01t O,13ZOOOOE 0It OeTbgqgqBE OOt O, z4ggggDE gUt
A_-_),2_99999[ O0,-O,68?_qqBE OOt-OolO3OOOOE O!t,O,..16?qgq_gL U!, ...................

,1

1_
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i ORIGINALP/_GEIS
' 1 _' OF POOR QUALITY

DATA XAC,XA
• _AZ_.._I____L_Z__/

DATA R! / O.-_bOc)O00, O;91c)§99'_;E--Oi_-O.920_)96k:-01, ,,
A O.It49_)qgE OOt O.Z_StOOOE (lOt 0,13_9999E 00_ O, Z39ZOOUI: OU,

_ t A O.I__L_qg_F._OO,o,._62tO.OOEOOt O,Z3OO000_o0, o,2_,97qq_,_,q,_:. . A O,3999qqgE ClOt O,49c)ggc)SE OOt "(),§9999¢)RE 00_ O,6999997E U_,
!_'.' A O,7369q99E 00, 0,?370999E DO, O,7999q9TE 00_ 0,8999991E OU,
-*._.. A 0._38999_9E Q_! 0.9390099E OOt Q.,OT;_999..qE .OOt 0,9730999E uu,
! _* AL, t2T_O,/
t ; DA_'A X!tXC/IO2*O./
: _ D_A KP2 _/_ O,389_999B.E"O_ O,389qg98E, O_, O._.699990E'u3,

A O,2079999E-D3, n_tT#9999E-O$, O,Z9|9990E--03, 0,1619999E-'0_,
_ A O,[TSggc)9E-O3, 0,2039999E-03, 0,2469098F-03, 0,2619991E-03,

!:_,: A O. z_599vez_-._L o___._5999es-oz, o.z429999E-03, o. 25_qgc)_e-03,A 0.26599¢)TE-03, O. ].T_9999E-03, O, 1630990F.-03, O.1339999E-O_t

i A O.12c199qqE-03, O,379999YE-O6t O,3390¢)OTS-OCt O.279999BE-O¢,
: ,,_i A .0.2799998E-04, :_.7._0,/
i- DATA HASS / O,361"rTggE OLt O,36LT'_g9E OL, 0,_?.06999_ UUt
" A O,6T/.ZgcJcJ_ OOt O,6Tt2¢99E 001 O,61.LqqgqE OOt O,6t_i999E (JOt
i-!_i .... A 0,5S199.9..9E 00, 0.$519999E 00, 0,.6.379O99E. 00_ .0,343_99.9E OOt

, A 0.2531999E DO, O,;_016000E DOt 0,1688000F 00, 0.1152000E 00,
._"i A O.lO_40OOS 00, 0.1_65999E 00, O,16S2000E 00, 0.[261909E UU,

A O,I[04000E OO, O.38039qgE 00, 0.3803999E OOt .0.462.4999E UOt
A 0.4624999E OOt27tO./

-": DATA [THETA / O._S29999E-Ott O._529999E-Olt O.4529999E-UI,
A O.45;_g999E-01, 0,3809999E.01, 0_380..99.9..9_-.0_Lt 0.321000UE-01,

_i:,_:,,_ A 0.3210000E-01, 0.36SOOOOE-OZ, 0.3SOOOOOE-OZ, O.2?IOOOUE-O],,: A O.2020clOOE-Olt O.161.OclOOE-Olt O, II. TOOCIOE-OI._ O,9599999E-O2_
_, A O,8999996E-O2, 0,8999996E-02, .O,?6999q_bE-O2t O,549999bE-U2,

:"'_,. A O.¢69qqqSE-O;_t O,469¢)qgBE-02, O.419qqqTE-02, O.619qqg?E'U2t
_-:_, A 0.4tq999?E-Og,27eO./
.._..o DATA GJ / O,._7BB__7OOE07, ...0,4184_?00E O7t 0,478_TOOE UT_,
i;_,, A O.42LOOOOE OT, CI,4ZZOOOOE CAT, O,35OOOCiOE OTt O,350000UE 01,

_-"_!: A 0,2860000E 07, Cl,2860000E 0?, O,1520000E OT, O. lOttOOOOb OT,
:! . ______A 0._540 O_OE 06, 0_,__26.00000E 06, O,ltOO000E 06, O,6000OOOE OS,

_i i A o.sooooooEo_, o.5oOoooo_oS,, o,_o-_oF oS, o.2aoobOot_us,
:.. i A O._IOOO00E 05, 0,2_.OOO00E 0St 0,2090000E OSt O.P.OqOOOUE US,

! _ A CI*2080000E O__,t27*O,,/,, ,,
_-"; _ O5TA EIXX f O.5qT2200E OTt O.5972200E OTt '0._;972200_ UTt
_ _"_'i A O._3TYCIDOE OTt 0,4375000E 07* 0.3860000E OT, O.3860000E 07,
_ ;. , A O,34_O_O0_O0_E07t O,34000OOE 07, O, Z74OOOOIE OT_ 0,7230000E O?,
,_,.. ,_ A o._,ooooe OT. O,Z'_O-O-_O_--6Y,O.ZaSooOoc.OT, o.,aeOOOOoEUe,
i. _ : A 0,6800000_ 06, 0,8800000_: O6t 0,7300000E 06, O, SO00OOOE 06t
_ "_. A_.O.tebOOOOOE 06, O,AbOQO_OOE_O_j__O__2OOOOOE 06_ 0.4200000E 06,

L.,
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o ' i
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_'_"i ORIQINAL PAOE Ig
fLJ_' i

i l OFpooQu^t.lTv

_:i.:;,l .ATA ,
IIATA EIKM(IIIL1 | (11;: e

_iili ";. DATA t'IPNW_ / 1. IL, .DATA LH. , ,0, ' "
DATA (:,Pt,W , l,

•.d_..1 DATA I"tPP,T$ / Ol
.."_..... ! DATAVILLI1 / Oo:_299_¢_ O0/ .................................
._:i,.;,.' IIATA LIPttI B I O. O00OO001
_:;_":" I_AtA DBV l-O.|O000OO_ 01/

:'_i!_,.,,' DAT_on_gu_ / o.tOOooOoEo4/ ........................................L1ATA MgG,NGIttJoLt;_t3,_e_6,T,B,q, LOoIL,L_ol,3tt4oE%LSO01

_':"_ (1ATA OP_IKItP/ Ot O_ II./ ..........•.? .H_,

-._"":', DATA KRWG / qbt
......' DATA I._PRNG I L/

i.k_r:, ......................

._'l* DATA MttARML t LOt
"!"':' ' "........... OATA-gHLCIAD.... !'" "_01.................................................................................
.._r._,; DATA MALOA_ /-1/
,._;;,_... OATA MRLL1AD / Ol

- _,, " OA1`A NPaL,AI_ I i_/
•"..'._.".. II11'1 NMKGMP i Ot Ot Ot O/

:_'" IP Of 12,
__._:._.!. ............ _IATA MNKGMP
-_%s'.'::". ......DATIk"3WKOMP--'_i ...... 6' ......... 11i_t,....... ?._, ....... 0, O, " Ot ...... OJ "
_,_;,-":",:, DATA MNU|SE / OS
_--..... OA'_A KFATIG I 41

"_"" - " DATA-$FNI)UR,LMA1' _ [:XMAT_ t 8'"| '-, lO*-l; -*"|_1_1_,_o...............................
_:_-'_" DATA NPLOTf4*O,_, "_6e(1,1,33*0/'
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'_ ORIGINALPAQ_ _:;_
OF POOl]QUALITY

i ....' £,NLI'il I f,1
i . T|TLEm_HA_C 14HHINDo4H TUNt4HNEL _4HI'ESTo i

.. ._._llT ERe- 9 t OP'fRt M, l, FACTQ_.-j_6 t HPTRI H-_O(_zJt
iU_Nn
_NLI_TR

....Y! TL_-4H/_gc ',_H-W'NO;_-g_-U-N_-HNeL-_iiteSYi-¢FI - , _=_--,-------
'_ RADIUSs_O. t SIGMA:, 1.112_tLINI'H'I tTti| SIL"8, eCONE:S,,

• *,. EEND
i:; _NLNAI_I_ rEND

-r.NL1ti'e-
_,,, TITLE=_HABC _HMINOt_H TUN_AHNEL tkHTESTIkH _kH

RAD1US,,2O. t SIGMA:. | 112_1 [.INTN:I t TN1STL:-8, tCON_'O..t

CHnRDI l t I: • 05258,. 0510B, .04958 _ ,06808 e, 0_65e.,
_.;*:" _*END

; ' I_NLBODY

i-/ M_I GHT=Sb2qe.t.PCCFE=90 _ *PSCFE:'90, t. "_ N__L_'_,-,; z.. z*o,-,--&,;s _,0,, ......
! '' DRGON='?,?S tS IDEB=Oo, SIDEP=O. t SIDER=O. t i

" &END

!-m.

-;_.

i u'.3'..

[ ,'.;/

L:I(I
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! ;: £

i.:::?:'

...... ;!3
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_/ Aee_ND_;XD ORIQINALPAaE IS
OF POORQLIALITY

_ ABC LIFT AND DRAG CHARACTeRiSTIC8

;_;,i_ Tht. appendix sm_mrimo8 the _lft and drag data for the ABC extrnct_d from
." a numberof ro_oronCe_, The aerodynamiccharacteristics of tile ANt demonstrator
,... wore taken from rofc_rencc_ 9 and 18. Several different t_ond_nB relati_ns were
& ai_o _-nvestiSated to estimate the variation of ABC rotor hub drab with stze.

The ABC demonstrator aircraft l_ft and moment characteristics are shown _.n
,.._ table 4. Based on the data in table 4, the following model of the atr_rame acre-
%"' dynamics was used for the calculationsx

:'>_; L/q = La/q(a + i) - 288. (a - 2.6) "

_'_': Mlq = Me/q + Malq(a + i) = -l_. - 22_6. (ct= 2.6)...,;.f.

?!i,i Note that the horizontal tall was held fixed, and fuselag_ and tall represented as
_;,:_ a unlt in thls study. The drag of the ABC demonstrator aircraft was based on the

data of reference 10. Table 5 compares the full scale data of reference lO wlth
"':,:,,, a reduced scale test. Table 5 also presents the drag increments for re,oval of the
:_o: ABC demonstrator rotor instrumentation can and for various hub and shaft fairing
-_,',_-,,' combinations Table 6 presents an estlsmted drag breakdown for the ABC de_onstra-
:_ tot Varlatlon of drag wlth angle of attack is shown J:,figure 22, Th_ corre-,_._.,.,,..

........' spondlng llft variation _s approximately

_. Llq = -4.0 + 5.2a ft 2 - -.37 + .4ga m2

.:.._" The flight test data shows a -_ 5° for speeds from 160 to 230 knots
•_.>{_?

_:_i_ The variation of rotor hub drag with slze was predicted using the methodology

_:_"::_<,:, of reference 12 combined with several trending relations developed for preliminary

_" design applications, Rotor hub and shaft drag can be reasonably approxlmated by

-_iii_ fhub+shaft ffi CDAf

:_:_'.. where

.-,_:,':,,, CD - 1.35(.582 + .376 Af - ._66 A_)(Af in. m2)

,,,r - 1.35(.582 + .@349 Af .#_57 A_)(Af in. ft2)

;_:-j:_i5'i: Rotor hub and shaft frontal area Ae was approximated by two different trending
-_',_i,__, relations. Either method provides _easonable results. Both methods are compared
._:_.,,' in figure 23. The first method of trending frontal area was based on transmission
:,,,o,!_ power rating and was developed for the Applied Technology Laboratory preliminary
_ design code PDP. The trend was adjusted to pass through the ABC demonstrator
.,!ii'/ point and maintain the same variation as conventional rotors with transmission

_: , rating. Hence the conventional rotor trend line

°._, Af - ._75_3 * HPTRA '575°_ m 2 = ._8_76 * HPTRA '5759 ft 2

: is extrapolated to the ABC trend llne i

-_°:'""I. ....... " " .... "'" : _ '
...., ... "._ ..:. .'.' . _-,_,_, _._ , _., , •- . . ...% '._" .....;..,..... , ,_.,. " ...._ ...,'
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ORIGINAL Pt_,_r_!D,'_
TAIILI_ 2,- CONTRol.,LAWS OF POOR QUALI'IY

_ (_olloe_lvo Control 00 = (OOU+ OOL)

. , {
Differential eollectt, vo control ^00 " (Oou " OOL)

½% Longitudinal control A1 '= (A1u + AlL)

' {Differentiallongitudinalcontrol A1 ,, (AIu - All,)

:*..' Lateral control g I = BIU - BIL)

__ , Differentiallateralcontrol B{ . _(BIUI + BIL)
=

::: Upper rotor blade feathering eU (o0 + AO0)

f_.t=.) - (At + A{) cos (q'U�I')

_:*:" - (B 1 + B[) sit1 (*U + r)

•-".,,,, Lower rotor blade feathering OL = (O0 - AOO)

;-_ii, - (Al-AI)cos(_i+ r)

--_:.... + (Bl - B[) sin (_'L+ r)

: -_!j

iN[_*

Ng_'
i?'

: i::ti

".V

:. o_

- -},

_.4,_•

?,:I

- v,_'
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•! ,._. ORIGINALPAGE18
OF POORQUALITY

: i TAnI,I_3,- ANAI,Y,qI._q8YMHOL DEFINITION8 IN TERM8 OF TH_ ABC CONTROL LANfl
"L'[' '_

il ..............................
• i!

:' ,_ Annlys:tssymbol. ARC control law Comput:_r:tnpuCsymbol

ii .!.....................................................
';_,i: 60 00 COI,L: [

:!:_,?., 6p -A00 PEDAL '

_! -B! LATCYC:,,:, 6(I

-_'_""i AgJc 90 - r PCCFE

"" I A*s_;i:; P - 90 PSCFE

.2 "¢_ '

1_._
eL z:.?'_;.;?

J:,.,": _ ! !
_:........ icU A! cos r - sin CNTRLZ(2) ,,

=,,,:_.,.... _,l_tl ) A I'slnr- B1 cos r CNTRLZ(3) ",,,•.?(., _,

_;_:5:i: Ko t. o K¢C_F, _:': '"i L. 'i

,}

.::?=:[!:. Kp I.0 KPCFE ]_.,7•:J ;

:,_,_:,.:._... KC l.0 KCCFE '!,,

":;.,_,,.... Ks 1.0 KSCFE !_,

" (0Ol,)
:u..,_',._ O. CN'rRLZ(4)
¢_' !

=_)":'., _,OU) O. CNTRLZ(1) !
%,?

%;?: j
4 L£' ,

:-:J"_":'('' i

, .',":!' • a
: k " )'G' ' q]

_.. .i

_/y. L .

I
°4_-.: ..... u
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ORIGINALPAGEiS
OF POORQUALITT

i TABLg 4.- ABC DEMONST_TOR AIRCRAFT AERODYNAMICS

Ii With tatl(1)Wtthout ta_.l Tall delta

CL_(2) 0.283 0,115

C_ (2,3) -0.0602 O.0344

La/q 26.8 m2 i0.9 m2 15.9 _2

288. f_2 117. ft2 171. £t2(5)

• MJq -62.47 m 3 35.71 m3 -98.17 m3

-2206. ft3 1261. ft3 -3467. ft3(4)

i (L 0 at -2.6° -7.0°(6) !m

= -i) !

, CM at _ = 0 0. 0. _!
i!

_:i -(MJq)l -2.83 m3 -4.36 m 3

i -i00. ft3 -154. ft3 i

_,_ Notes ' 'i
= 5o :i

(1) itail j

-_ (2) Reference area = 94.56 m 2 = 1017.9 ft2 (full scale) ti

(3) Reference length - 10.97 m = 36.0 ft (full scale) !

(4) Effective tall length = 6.19 m = 20.3 ft; geometric tall I
length m 6.34 m = 20.8 ft.

(5) Horizontal tail area = 5.51 m2 = 60. ft2; CLa = 2.85

(6) Effective incidence of horizontal tail - 0.4 °

' (7) Elevator locked for all auxiliary propulsion testing
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ORIGINAL PAQIK18
OF POOR QUALITYT._L_ 5.- _-59A DRAGB_¥

Drag/q incrementrelatlv_basellno

basoli_o f - 1.539 _2 , 16.57 ft 2 at 120 knoes
basQllnef - 1.550 m2 - 16.68 ft2 at 180 knots

Configuration rotor of_, hubs rotating rotor on
i..i [ , i i I i . '\

i/5-scale full scale full scale =.ullscale
143 knots 120 knots 180 knots 142 knots

m2 ft2 _2 rE2 m2 fir m2 ft2

Baseline 0 0(I) 0 0 0 0 0 0
unfaired hubs

instru, can on

Unfaired hubs -.146 -1.57 (1) -.137 -1.47 -.162 -1.74 -
_2_

unfaired shaft

no instr, can

_(2)
Faired hubs -.208 -2.24 -.180 -1.94 -.224 -2.41 -

unfaired shaft

Faired hubs -.127 -1,37 -.165 -1.78 -.191 -2.06 -.121 -1.30 (4)

faired shaft

skewed shaft

fairing

Faired hubs -.228 -2.45 -.266 -2.86 (3) -.292 -3.14 (3) -.221 -2.38 (3'4)

faired shaft

Notes

(i) Full scale increment for instrumentation can drag used for comparison.

(2) Configuration not tested.

(3) Configuration not tested; I/5-scale increment for fairing skew drag used for

comparisons.

(4) Less drag reduction if variations in the rotor operating condition are taken
into account.
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1983010441-TSC05



_,CT ,,

. .r ", TAB],E 6.- ABC I)E_ONSTRATOR],_qTIMATEDPAI_ASITED]U_C,BRP_(DOWN

: ,, nlp, _'t_

_...' _l Rotor pylun and naco3.1o_ ,083 0,89

,:ii?:[_:_: Jet: enginoa ,177 1,90
q_

I.:nlpennago .088 O.95

_i:,'_ , Rotor hub8 and abaft .690 7.43

_":.' Instrumentation Ig9 2.14':Y.',," O

, Homontum los_ae_ 126 I.3(I

% _ ; t s_otal 1.550 16.68

o,'2'.,'.
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ORIGINALPAGEIS
OF POORQUALITY

¢ - 180

7

/
/

/
_b= 270 { �_= 90

\
\

\

" 11 /
7

_,=0

(a) Upper rotor, uniform inflow.

Figure 1.- ABC demonstrator rotor calculated angle of attack distribution, , = 0.53.
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ORIGIp,Lr,,LPhGE 1_,_ '
OF POOR QI.IALI'IW'

/

(d) Lower rotor, nonuniform inflow.

Flgure 1.- Concluded.

J

I

35 1

1983010441-TSC10



ORIGIN/_LPAG_ IEf
OF POORQUALITY

.==-=--- AEICDI_MO(REF, 6}

: _ ----- JVX
i , ,=-, -- WINDTUNNEL TEST ROTOR

i L (REF,6) i
.4 [ !i ,

:_ 0 I i . I i _ I

!" " "4 |

.. .2o_,\

!: : ,08
[

! .04 l. i i J i
i 0 .2 .4 .6 .8 1.0
: -_'_: x/R

Fig_lt'l, 2,- ABI: t'otot" L'ont'tgurattonu.
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. , I0 1 _ FLIQHTTEST ORIGINAL,PAGED_
' =-,-- CALCULATED OF POOR QUALITY'

'Y N,,'/ 7

,)2 •

i_,_ , j i _' '
_._,YJ,
i_:,',. 100 150 200 250
_,,...... V, knots

!-.,,.,:,, Figure 3.- _C demonstrator level flight perfo_nce._= ,.,

! i2_. ,

_!;:i," 10 E _ FLIGHT TEST

is,, /

o..: 0 i,,, I ,,, I , , ,I
!_ .... 100 150 200 250

i !_,::_:::." V, knots

Figure 4,- ABC demonstrator trim attitudes.
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ORIQIN/_I. PAGE l_;
OF POOR QUALITYO FLIGHTTEBTDATA

I'I CALCULATION-- B1" 2°,
VARYINGTRIM (_ONDITION8 o7.,

------ BIKOR_KYAIRCRAFTTRENDS
4, 3

,3
3, 3

2, 3

t;;.2 1,3
la.

i EIEI,1

_ .I . i • ,, l
0 .2 .4 ,6 .8

ADVANCERATIO

Figure 5.- ABC demonstrator rotor llft offset.

1

t

TEST

CL/_; Bt

0 0.10 2
CALCULATED 13 0.12 2

-------- CLIO= 0.10, Bi = 2" 0 0.10 8t

, ---' ---- CLIO= 0.12, Bi = 2° Z_ 0.12 8
I

_' 10 .... CL/° = 0.10, Bi = 8° {_ 0.16 8

:

8 0" 4°
i 1%= -6° -4° ,.

6 8o

4 , i ,_ , I, I i ...... I i i I
-,008 -.004 0 ,004 .008 ,012 ,01e ,020 .024

,. CD/,'

Figure b.- Wind tunnel test correlation, _ = 0./,7.
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2 I i ' i i l i I
0 .004 ,008 .012 .016 .020 .024 .020

CDI"

Figure 7.- Wind tunnel test correlation, _ - 0.70.

I0
TEST

8 0 0.10 I _r--,_%=O °
0 0.12

S

<> 0.16
_ LI 0.18

.... 6 .---- --- CALCULATED

4 I,, I ....... I I ,i , i ...... i
_ 0 .004 .008 .012 .016 .020 .024 .028

CD/"

Figure 8.- Wind tunnel test correlation, p = 0.91.
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ORIGINALPAGEItl
OF POORQ,,_vn"y

,8

%/" Bi (__
,6 0 0,10 2 TEST

_" r'l 0,12 2
£M

O o,16 2
u. Z_ 0,18 2
0 _ 0-' ,.A CALCULATION

__1

,2 I I I I I I I

0 ,004 .008 .012 ,016 .020 .024 .028

CD/O

Figure Ii.- Wind tunnel test correlation, _l= 0.91.

, .14
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/
-- --- -- ADVANCED ABC j

.12 /
/

ir

,10 I
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1.0_
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,6 |

,or
0 L--- mlm _ mmm _ i _ Imam m|mmm maim Immll m |

120 140 160 180 200 220 240 260
V, knots

Ftgurl, 1.2.- ABC rotor opt, rating ¢ondLttonn.
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ORIGINALI_,_GEi_
OF POORQUALITY

ABC DEMO

--.-,.---- JVX

--- ,--,. SIKORSKY ESTIMATE FOR JVX TYPE ROTOR

.... JVX- UNIFORM INFLOW

14 " --- .... JVX - ASC DEMO AIRFOILS

• f_
lo- / / \t

: /
s- / /

® :1/

////."

6- /
4

2

I I I I
0 .05 .10 .15 .20

CT/"

Figure 14.- ABC rotor performance as a function of llft at _ - 0.85, MT = 0.85,
QS " O.
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ORIGINAL PAGE |_
OF POOR QUALITY

12 #

------- 0,47

---- 0,86

/P"_%
lO /

_8 //

e /
/

4 I I | I
0 ,05 .10 .15 ,20

CTI,J

Figure 15.- Advanced ABC rotor performance at p - 0.47 and _ = 0.85
(Hz = 0.85, as = O, B_ = 2°).

12 - O, dag

-8
m _ almm _4

=10 /__"_

8

6 ,I I I ,,,I
0 .05 ,10 .1G .20

CTI,_

Figure 16.- Effect of"twist on advanc_,dABC rotor performance (_ = 0.85, MT = 0.85,

_s = O, B'!= 2°).
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, = 2°)Figure 17.- Advanced ABC rotor calculated llft offset (_ = 0.85, _ - 0.85, B!



ORIGINAL PAGE 19
OF POOR QUALITY

FLIGHTTEST CALCULATIONS
BI' ------ SIKORSKYDATAFAIRING

O 0 ------ CCHAP
r-I 1.5 ---.-_ A7906

.80 <> 2.0 O ®

Q Q

i .79

' E

" E Q •

w

0 .77

.. E ,16

: .75 - rn

,74i i I i I I !
,06 ,07 ,08 ,0g ,10 ,11 ,12

.:' CT/')

Figure 18.- ABC demonstrator isolated rotor hover performance.
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ORIGINf_L PA£E |_
OF pOOR QUALITY
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o
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-14
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LONGITUDINALCONTROL,%

(b) Average longitudinal rigging.

Figure 21.- Continued. ._,
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OF pOORqu/_LrrY
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8
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4

2

0 __ER

-6 UPPER__
:: -12

-14 I i I l i
0 20 40 60 80 100

LONGITUDINAL CONTROL. %

_ (e) Longitudinal rigging.

:_:! Figure 21.- Continued.
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;: LATERAL CONTROL, %

::_: (d) Average lateral rigging.

o:, Figure 21.- Continued.
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LATERALCONTROL.%

(e) Lateral rlgglng. _

Figure 21.- Continued.
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(f) Differentialcollectiverigging.

Figure 21.- Continued. :_
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(g) Differential longitudinal rigging.

Ftl4ure 21.- Conttnu_ed.
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. ORIGINAL 1_...... I,, fl
' 2 OF POOR QLIALI'tY

-2

-3 _ . t t , i
-100 -50 0 B0 100

DIFFERENTIAL COLLECTIVE, %

(t) Dtfferentlal collective trlm rigging.

Figure 21.- Continued.
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(J) RuddL, r rigging.

Figure 21.- Concluded.
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